Introduction
The moving load effects represent the still actual problem, which is analysed in engineering practice in many workplaces around the world. The transport structures, such as pavements, are subjected to direct dynamic effect of the moving load. The main source of kinematic excitation is unevenness of the pavement. The reliability of transport structures loaded by the heavy traffic needs a detailed analysis using vehicle-ground interaction model [1] . The most important part of the process is to create a reliable calculation model and proper material parameters to describe the response of the ground to the vehicle loading [2] .
Several computational numerical systems are available for the FEM dynamic analysis. Two models based on the dynamic theory of the moving load were created. For the purpose of simplifying the interaction of the interaction system, it is appropriate to divide the system into two separate independent subsystems, the vehicle passing over the obstacle and the pavement. A 2-dimensional interaction model of the vehicle passing over the obstacle and a 3-dimensional FEM model of the concrete pavement were created. Both of the computational models were created in the FEM software ADINA. FEM methods have been more widely used since computer calculations became part of the modelling tools.
Numerical model of vehicle and pavement with obstacle
One of the most important parts of the numerical simulation is the right selection of an appropriate interaction model. A 2-dimensional interaction model of the vehicle and the pavement with the obstacle were created. The half part model of the vehicle is usually used for 2D analyses. It is discrete model created with a combination of mass, spring and beam elements and it has finite
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Vol. 14, Issue 2/2018, 146-152 degrees of freedom, which simplifies the solution in terms of mathematic formulation. The principal characteristic of the half part model is defined by three diagonal matrices, the mass {m}, stiffness {k i } and damping {b i } matrices which were obtained on the basis of experimental measurements [3] .
Matrices values for the lorry model were determined: ],
]. The natural frequencies were determined as:
• {f} ={f (1) ; f (2) ; f (3) ; f (4) ; f (5) } = {1.13;1.45; 8.89; 10.91; 11.71} [Hz] .
The obstacle and the pavement are modelled as a rigid surface. Modelled pavement, including the obstacle, has a total length of 31.88 m. The vehicle accelerates in the first section of a 15 meter length. The obstacle section is 1.88 m long. Its shape is in accordance with the recommendation for the dynamic tests of bridges and is also equal with the retarders for the pavements. The last section is 15 m long, and is used for deceleration of the vehicle (Fig. 1) [4] . . Primary time step for the numerical simulation was 1/20 s. The time step was then changed to 1/100 s when the vehicle passed the obstacle to obtain more accurate results. Resulting contact force for the front axle reached 8.32·10
4 N. Subsequently, the contact force was distributed over idealized squared tire contact area with the dimensions 250 × 200 mm. The tire pressure was applied as a uniformly distributed load in the second step analysis with the intensity of 1 664 000 Pa. As the last, contact load was applied on the concrete pavement surface to investigate the stress-strain state of the pavement system.
Numerical model of concrete pavement
A 3-dimensional numerical model of the concrete pavement was prepared. Material properties for particular construction layer were set considering the conventional concrete pavements.
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Vol. 14, Issue 2/2018, 146-152 The 3-dimensional numerical model of the concrete pavement was modelled to investigate the stressstrain state of the pavement. The numerical model of the concrete pavement consists of the following layers with corresponding material properties ( Table 1) . Since the dynamic load inflicts very small deformation of the ground, it is necessary to use "dynamic" values of the modulus of elasticity E.
The "dynamic" values are then higher than the "static" values. For 3-dimensional numerical model of the concrete pavement, an adequate distributing loading area was selected. The area was chosen in accordance with the experimental measurements [5] . The dimensions of the load area were 250 × 200 mm. The numerical model of the pavement is plotted in Fig.3 . 
Description of numerical procedure
The numerical software ADINA is commercial engineering simulation software, which is used in engineering practice. It consists from four core modules and they are interconnected. Therefore, it is ideal for solve multiphysics problems. These include also dynamic interaction vehicle -pavement. A complete description of the numerical solution is found in [6] .
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Results and discussion
Following figures represent output of the numerical simulation for the stresses in X-, Y-and Z-direction and also vertical displacement under load. The effective stresses calculated for particular layer also are shown.
Vertical displacement
Displacement propagation in the numerical model is plotted in Fig. 4 
Stresses
Stress distribution in the numerical model in the x plane is plotted in Fig. 6 . The maximum horizontal stress σ x is 1.57 MPa and the maximum horizontal stress σ y is 1.59 MPa. The maximum vertical stress σ z is 1.32 MPa. Peak values of the stresses are located in the first concrete layer with highest stiffness.
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Vol. 14, Issue 2/2018, 146-152 Fig. 8 represents the effective stresses in the particular construction layers of the pavement. First layer is cement concrete, second layer is cement bound granular mixture, third layer is hydraulic road binder bound granular mixture and last layer is subgrade. In the first construction layer, the effective stress has a maximum value of 1.48 MPa. In the second construction layer, effective stress has a maximum value of 0.106 MPa. In the third construction layer, effective stress has a maximum value of 0.022 MPa and in the subgrade layer the maximum effective stress is 0.008 MPa. 
Effective stresses in individual construction layers

Conclusions
This article demonstrates the applicability of FEM methods for the numerical simulation of the pavements. It is also focused on the synthesis of two separate models and the effectiveness of their use. The results of the first simulation are used as an input for the second stage. Stress analysis of the concrete pavement also shows differences between x-and y-direction related to the uneven dimensions of the contact load area. Maximum values of the stresses are reached in the first concrete layer with the highest stiffness. Maximum deflection of the pavement surface is 1.05 ·10 -5 m. Further research will be aimed at the verification of the theoretical outputs of the computational simulations by the experimental way [7] . This will help to improve the design procedure of such pavements to achieve reliable and cost effective pavement structure design.
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